Abstract-The purpose of this study is to investigate how grouping of students influence students interaction and achievement in LEGO activities. Through LEGO Robotics learning activities, students' interaction and performance were collected and analyzed through statistical analysis. In addition, qualitative data from interviews, video recordings, and related documents provided evidences for explanation. The findings of this study indicated that LEGO Robotics mediated learning by providing group-based learning experiences. The grouping of students with diversity of background resulted in differences in interactions and learning outcomes. The major findings are as follows: First, students' gender, age, and family background are not related to their learning outcomes. Secondly, the groups of the same gender significantly engaged in more communication than the groups consisting of more female than male students. And, the groups of underprivileged students communicated significantly less than the non-underprivileged groups during programming activities. Thirdly, for programming activities, more interactions between group members would lead to higher scores on performance.
INTRODUCTION
Computers and other advanced technologies have being rapidly adopted in school education. An important educational issue is equity: whether students of particular gender, race, age, or family background are provided with the equal opportunities to participate in activities and gain the technical skills [1] [2] . Numerous prior studies indicated that gender, race, and social-economic status will influence students' self-efficacy and attitude toward education and career preference [3] [4] [5] [6] . Particularly in science education, stereotype on certain career usually intimidate girls to become scientists or engineers.
As the network services become necessities in daily life, more people engage in teamwork on network. Therefore, inquiry on how people communicate better, and co-work better is gaining more attention. Even though in a virtual or blended environment, students or professional workers need to learn or interact with their peers to achieve the goals. Cooperation learning has been widely adopted by school teachers to develop meaningful learning in social contexts [7, 8] . The interaction between the individuals of similar characteristics, as well as the interaction with unfamiliar ones, creates major concern in the schools and society. By its socio-technical characteristic, the collaboration is a relatively complex phenomenon to study and to formalize in the organization. Many studies revealed that technology, as media for communication, can help to improve social skills [7] [8] [9] [10] [11] .
Although there are sound educational and political perspectives to indicate a firm basis for group work being an important component of engineering courses, there is still some skepticism as to whether the theoretical advantages are borne out in practice. This study combines modeling and collaborative learning to address these issues through quantitative and qualitative analysis of a case study. As in Fig. 1 , LEGO Mindstorms or LEGO NXT, a computer system integrated with LEGO bricks, creates opportunities of learning by playing [12] [13] [14] . Through cooperation and creative engagements, students learn how to experiment, program to control machines, and communicate with their peer students. Nevertheless, students with variety of abilities and background need time or intervention to obtain social skills for successful teamwork.
Although encouraging students to interact with peers with diversity of characteristics is commonly seen beneficial, how to strategically arrange them into groups during stages of teamwork is important. More importantly, we need to have more understanding on how students interact and the influences with different grouping. Therefore, the purpose of this study is to investigate how grouping of students in LEGO learning activities influences students interaction and achievement.
The findings will not only provide the educational workers with practical experiences about team-based learning, but also serve as a base for further research on constituting a productive team for projects or a virtual community on Internet. 
II. LITERATURE REVIEW

A. LEGO and Education
The learning difficulties that novice programmers face are the abstract concept. As the programs become more complicated, most learners become less motivated to learn. One of the problems is that teachers emphasize much on syntactic knowledge rather than semantic knowledge so that the joys and funs of computer programming are gradually replaced by frustration. To resolve the problems, many prior studies combined modeling artifacts such as LEGO Robot with programming instruction to enhance learners' motivation and effectiveness of instruction [15] [16] [17] .
Many cognitive researchers take the 'learning' as 'a process of model building'. When students first come to know some new skills or knowledge, they will form a model in minds. After spending a great deal of time practicing, playing, shaping, restructuring the model, they gradually develop better understanding about the system of the knowledge. Therefore, a project of artifact construction can help them to become effective learners. 'Microworld', a term first used by Papert, is such a learning environment for learners to build their own models. Many studies confirmed the positive effects of integrating LEGO with learning subjects such as mathematics and science education [18] [19] [20] [21] [22] [23] [24] [25] [26] .
B. Interaction in Classrooms
The collaboration practices between peer students become an essential capability for creative sharing of skills. Group learning has been identified as an effective strategy. Based on the framework of social constructivism, a number of designs such as cognitive mentorship, scaffolding, and community of practices will empirically verified to provide students opportunities to develop communication skills, social skills, meta-cognitive skills, or critical thinking [7, 9, 10] .
In robotics activities, learners usually cooperate with others to design and assemble robots together. To make their artifacts controllable, they share opinions and proceed to modify their robots. In this process, learners do not learn alone; they learn how to collaborate with others.
The core of successful group learning is interaction between group members. In classrooms, how to cultivate an environment encouraging interaction between teacher-pupil and between peers is an important issue for improve learning. A considerable number of researches empirically confirmed that integrating technologies with instruction would facilitate the interaction and thus promote students' active and collaborative learning [27, 28] .
III. METHOD
A. Research Procedure
The researchers used retrospective study to look backwards at the students activities in the past years. From 2006 to 2009, the researchers held LEGO Robotics summer camps for underprivileged students at nine elementary schools. Financially supported by the Ministry of Education, the researchers organized a college student team to hold a week-long camp at each school. As in Table 1 , the summer camp activities include LEGO bricks assembling, the sensors and computer connection, programming, and contest. Most activities were designed to be completed by group members.
To evaluate the effects of learning activities in the camps, the activities were recorded by several camcorders on site. The researchers observed the recorded activities and counted the interaction. In addition, college students who attended the program were also interviewed for commenting on individual's performance. Students' LEGO design and programs were also analyzed. 
B. Subjects
The subjects of this study were 179 students from nine elementary schools in central and southern Taiwan. Students attended the camps for free charge. Because part of the financial supports from government was mainly for shortening the digital gap, about half of the LEGO camp attendees were underprivileged students. The status of "underprivileged" was defined as students from families of low-income, single-parent, foreign parent, or indigenous parent.
The selection of attending students was decided by the elementary school administration. Underprivileged students are prioritized to attend. Table 2 shows the students' information on percentage of gender, age, and family background. Since only five sets of LEGO Robotics were available in the camp, students were divided into five groups to share the LEGO kits. No particular rules were used to group member selection. Most of the groups and their members were decided by the elementary schools. Among 40 groups in this study, there were about three to five students in a group.
Categorizing gender, age, and family background, the composition of groups is shown as Table 3 . For gender grouping, there are four types of grouping, namely same gender, male-dominant, female-dominant, and equal gender. In the same gender group, group members consist of all male students or all female students. In the male-dominant group, there are more male students than female students. Likewise, there are more female students than male students in the female-dominant group. In the gender balance group, there is equal quantity of male and female students.
For age grouping, there are four types of grouping, namely same age, senior-dominant, junior-dominant, and balance. The "senior" stands for students of grade 5 or grade 6. The "junior" stands for students of grade 3 and grade 4. In the same age group, all students are all seniors or juniors. In the senior-dominant group, there are more seniors than juniors. In the junior-dominant group, there are more juniors than seniors. Finally, the age balance group is constituted by equal number of seniors and juniors.
For background grouping, there are three types of grouping, namely normal, underprivileged, and mixed. The normal group stands for that none of group members is a underprivileged student. The underprivileged group stands for that all of the group members are underprivileged students. The mixed group stands for group members are composed of normal students and underprivileged students.
C. Data Collection
Several instruments were developed by researchers to collect data. Statistical analysis methods including one-way ANOVA, chi-square test, and product-moment correlation were adopted. To calculate the frequency of interaction between group members, the researchers used an interaction frequency table to count the occurrences of interaction while watching activities on the video tapes. In addition, two kinds of achievement evaluation forms were developed to evaluate students' learning in LEGO camps. One was for LEGO bricks assembling while the other was for LEGO Robotics programming. For each form, the evaluators gave grades between 1 to 5 points according to students' performance. For LEGO assembling, 3 evaluations were conducted on students' works of "basic", "car", and "gear" respectively. For example, an assembled wheel as in Fig. 2 was graded by on-site researchers. As in Fig. 3 , students used the NXT software to create visual programs to control the motors and sensors. Also, 3 evaluations were conducted on students' programming on "basic", "motors", and "sensors" respectively. 
IV. ACHIEVEMENTS AND PERSONAL CHARACTERISTICS
To understand whether studens with different personal characteristics performed differently, researchers first investigated the differences of achievements on several types of backgrounds. Table 4 and Table 5 show students' achievements in LEGO brick assembling and programming.
For LEGO brick assembling, the average score of male students is higher than female students; the normal group is higher than the underprivileged group. However, junior group is higher than senior group. For LEGO programming, the average score of male students is higher than female students; the normal group is higher than the underprivileged group. Senior group is higher than junior group.
To confirm the differences, a Chi-sqaure test was conducted to identify the statistical significance. Based on the group scores of LEGO brick assembling and programming, each student with score above the mean score was assigned as the high score group, otherwise assigned as the low score group. The Chi-square tests were used to verify the normal distribution on the cross-table of achievement and background.The results will be explained in following sections. 
A. Gender
As shown in Table 6 , in terms of assembling and programming performance, there was no significant difference on gender. In other words, female students and male students performed equally in assembling and programming achievements. 
B. Age
As shown in Table 7 , no significant diference existed on groups of senior and junior students. In other words, senior students performed no better than the junior students in assembling and programming achievements. 
C. Family Background
As shown in Table 8 , there was no significant difference on groups of family background. In other words, underprivileged students performed equally to the normal students. 
V. INTERACTION AND GROUPING
To understand whether patterns of grouping influence studens' interaction with other group members, one-way ANOVA was conducted to test if significant differences existed between difference groupings.
A. Gender
For LEGO bricks assembling activities, an ANOVA test (F=5.244, p=.004) indicated that there was a significant effect of gender grouping on interaction frequency at the p<0.05 level for the four conditions (see Table 9 ). Post hoc comparisons using the Scheffe test indicated that the mean of interaction frequency of the "same gender" group was significantly higher than the "female dominant" group. For programming activities, an ANOVA test (F=3.177, p=.036)indicated that there was a significant effect of types of gender grouping on interaction frequency at the p<0.05 level for the four conditions (see Table 10 ). Post hoc comparisons using the Scheffe test indicated that the mean of interaction frequency of the "same gender" group was significantly higher than the "female dominant" group.
Most elemenary students feel uncomfortable interacting with the opposite genders. Therefore, groups of all male or all female students were willing to engage in the tasks together. On the contrary, in female dominant groups, the male students barely interacted with the female students. A. Age For LEGO bricks assembling activities, an ANOVA test (F=.895, p=.471) indicated no significant difference in interaction frequency of four types of grouping. Also, an ANOVA test (F=1.020, p=.395) showed no significant difference in interaction frequency of age grouping for programming activities (see Table 11 and Table 12 ). 
B. Background
For LEGO bricks assembling activities, an ANOVA test (F=4.321, p=0.021) indicated a significant difference in interaction frequency of three types of grouping on family background (see Table 13 ). To assess pairwise differences among three types of grouping, Post hoc comparisons using the Scheffe test indicated that the normal group for the interaction differed significantly from the underprivileged group (difference = 26.191). For LEGO programming activities, an ANOVA test (F=3.515, p=0.04) indicated a significant difference in interaction frequency of three types of grouping on family background (see Table 14 ). However, Post hoc comparisons using the Scheffe test indicated that the normal group for the interaction differed much from the underprivileged group, but not significantly ( p = 0.057).
The reason might be that students in normal group were more confident in communicating with others than the underprivileged students. For LEGO brick assembling, there was not a significant correlation between the frequency of interaction and achievement, r(40)=.333, p<.05. For LEGO programming, however, the frequency of interaction and achievement were positively correlated, r(40)=.205, p=.206. In other words, students' discussion and cooperation did not contribute much on building a better artifact. On the contratry, students' discussion on programming did help to produce better programs.
According to Webb [8] , the quality of interaction will influence group members' learning. The observation revealed that students' interaction during brick assembling were mostly conversations on trivial tasks such as seeking bricks. On the contrary, students' interaction during programming involved hypothesis testing or discussion on certain parts of programs, which contributed to their understanding of programming. For example, students discussed how to program an ultrasonic sensor for preventing a car from hitting the wall:
Student A: I set the value of ultrasonic to 50. I wrote "< 50" but the car still hit the wall.
Student B: Maybe the car ran too fast to stop in time.
Student A:So we should slow down the speed. Student B: Change the power of motor from 100 to 60.
VII. CONCLUSIONS
The findings of this study confirmed that LEGO Robotics mediated learning by providing group-based learning experiences. Instead of school curriculum content, students are allowed to experiment and practice technology creatively. As a way to bridge the digital gap, these experiences initialized their views on learning and technology [29, 30] . Different ways of grouping students of diverse backgrounds resulted in differences in interactions and learning outcomes. The major findings of are as follows:
First, students' gender, age, or family background are not related to their learning outcomes.
Secondly, group of the same gender conducted significantly more communication than the group consisting of more female than male students. Similar to the findings of a prior study [4] , a same-gender session will make students feel comfortable and willing to fully engage in discussing and learning, particulay for girls.
And, the normal group conducted significantly more communication than the underprivileged group during programming activities.
Thirdly, for programming activities, more interactions between group members would lead to higher scores on performance.
